PCT 



WORLD. 



eited in toe European Search 
Report of EP Of W 



rfTTFrflBCTUi ' iL PROPEKl 1 UKCj AN iZA I lu N 




International Bureau 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C12Q 1/68 // G01N 21/64 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/17467 

15 May 1997 (15.05.97) 



(21) International Application Number: PCT/SE96/01432 

(22) International Filing Date: 7 November 1996 (07.1 1.96) 



(30) Priority Data: 

9503991-3 



10 November 1995 (10.1 1.95) SE 



(71) Applicant (for all designated States except OS): PHARMACIA 

BIOTECH AB [SE/SEJ; S-751 82 Uppsala (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): NORBERG, Torbjdrn 
[SE/SE]; Nedre Slottsgatan 20, S-753 09 Uppsala (SE). 

(74) Agents: EBBINGHAUS, Marie-Louise et al.; Pharmacia & 
Upjohn AB, Patent Dept., S-751 82 Uppsala (SE). 



(81) Designated States: CA, JP, US, European patent (AT, BE, CH, 
DE, DK, ES, FI, FR, GB, GR, IE. IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report. 



(54) Title: METHOD AND APPARATUS FOR DETERMINING THE EXISTENCE OF A MUTATION 
(57) Abstract 

In a method for determining the existence of a mutation in a nucleic acid fragment from an electric signal generated by a DNA 
sequencer and made up of sequence information produced by fluorescent fragment products of different lengths of said nucleic acid fragment, 
followed by a run-off peak produced by fluorescent full length fragment products of said nucleic acid fragment, any difference between said 
run-off peak and a reference run-off peak generated by unmutated full length fragment products of said nucleic acid fragment, is determined, 
a difference indicating the existence of a deletion or insertion mutation. 
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METHOD AND APPARATUS FOR DETERMINING THE EXISTENCE OF A MUTATION 
TECHNICAL FIELD 

The invention relates to a method and an apparatus for deter- 
mining the existence of a mutation in a nucleic acid fragment 
from an electric signal generated by a DNA sequencer and made 
5 up of sequence information produced by fluorescent fragment 
products of different lengths of said nucleic acid fragment, 
followed by a run-off peak produced by fluorescent full leng- 
th fragment products of said nucleic acid fragment. 

10 BACKGROUND OF THE INVENTION 

DNA sequencing, i.e. determining the sequence of nucleotides 
in a gene or in a segment of DNA, commonly involves several 
sequential steps aimed at: 

15 - Isolating genetic material from biological material. 

- Amplifying the gene of interest using polymerase chain re- 
action (PCR) so that sufficient material of the gene of in- 
terest is available for sequence analysis. 

20 

- Performing sequencing reactions using the principles of 
Sanger. This step enzymatically generates a large number of 
differently elongated complementary copies of the gene. By 
introduction of base specific elongation terminators, each 

25 elongated^ copy of the gene will terminate with a specific 

type of nucleotide. Each reaction corresponds to one specific 
type of nucleotide, Adenine (A) , Thymine (T) , Guanine (G) or 
Cytosine (C) , i.e. only one type of elongation terminator, 
will be incorporated in each reaction. To enable detection of 

3 0 these elongated gene copies, a f luorescently labelled molecu- 
le is introduced in the gene copy during the enzymatic reac- 
tion. Thus, all elongated gene copies will be f luorescently 
labelled to facilitate their detection. 

35 - Separating the mixture of differently elongated complemen- 
tary copies of the gene according to their molecular size 
using gel electrophoresis. 

- Sequentially detecting the differently elongated complemen- 
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mixed up with an equally large amount of non-mutated mate- 
rial. In some cases, the non-mutated material will even be 
predominant. In these cases ordinary alignment algorithms 
fail to resolve the mutation. 

5 

BRIEF DESCRIPTION OP THE INVENTION 

The object of the invention is to bring about a simple and 
reliable method of determining the existance of a mutation in 
a nucleic acid fragment. 

10 

In the method according to the invention for determining the 
existence of a mutation in a nucleic acid fragment from an 
electric signal generated by a DNA sequencer and made up of 
sequence information produced by fluorescent fragment pro- 

15 ducts of different lengths of said nucleic acid fragment, 

followed by a run-off peak produced by fluorescent full leng- 
th fragment products of said nucleic acid fragment, this is 
attained, mainly, by determining any difference between said 
run-off peak and a reference run-off peak generated by unmu- 

20 tated full length fragment products of the nucleic acid frag- 
ment, a difference indicating the existence of a deletion or 
insertion mutation. 

This object is also attained by the apparatus according to 
25 the invention for determining the existence of a mutation in 
a nucleic acid fragment from an electric signal generated by 
a DNA sequencer and made up of sequence information produced 
by fluorescent fragment products of different lengths of said 
nucleic acid fragment, followed by a run-off peak produced by 
30 fluorescent full length fragment products of said nucleic 

acid fragment, mainly, in that it comprises means for deter- 
mining any difference between said run-off peak and a refe- 
rence run-off peak generated by unmutated full length frag- 
ment products of said nucleic acid fragment, a difference 
35 indicating the existence of a deletion or insertion mutation. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described more in detail below with 
reference to the appended drawing on which 
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from Fig, 2b, the normal "unmutated" run-off peak of Fig. 2a 
has been broadened, so that the run-off peak of Fig. 2b ends 
after the run-off peak of Fig. 2a. 

5 In case of a large deletion mutation, a split run-off peak 
will be generated as shown in Fig. 2c. As apparent from Fig. 
2c, the normal "unmutated" run-off peak coincides with the 
normal "unmutated" run-off peak of Fig. 2a, while the run-off 
peak from the fragments in which a large deletion mutation is 
10 present, will appear before the normal "unmutated" run-off 
peak. 

The indication of insertion and deletion mutations based on 
the run-off peak behaviour, is very sensitive and a contribu- 
15 tion of less than 5% mutated material can be readily detec- 
ted. The resolution in size difference between the two frag- 
ments is however limited to about ± 2 bases. This is of cour- 
se dependent on the resolution of the electrophoresis gel. 

20 It should be understood, however, that when using the run-off 
peak information alone for the mutation assignment, no infor- 
mation about the localization of the mutation along the DNA 
fragment will be achievable. 

25 The rurv-off peak information is a sensitive means for the 

mutation detection and may be used as a consistency check of 
the mutation assignment derived from sequence data. 

In accordance with the invention, any difference between a 
30 run-off peak generated by mutated full length fragment pro- 
ducts, such as the run-off peak shown in Fig. 2b, and a nor- 
mal "unmutated" run-off peak or reference run-off peak gene- 
rated by unmutated full length fragment products, such as the 
run-off peak shown in Fig. 2a, is determined as an indication 
3 5 of the existence of a mutation. 

In accordance with a first embodiment of the method according 
to the invention, the difference between the peak width of 
the run-off peak in Fig. 2b and the peak width of the run-off 



SUBSTITUTE SHEET (RULE 26) 



WO 97/1 7467 PCT/SE96/0 1 432 

7 

ment products of different lengths of said nucleic acid frag- 
ment, followed by a run-off peak produced by fluorescent full 
length fragment products of said nucleic acid fragment, comp- 
rises means (not shown) for determining any difference bet- 
5 ween said run-off peak and a reference run-off peak generated 
by unmutated full length fragment products of said nucleic 
acid fragment, a difference indicating the existence of a 
deletion or insertion mutation. 

10 In a first embodiment of the apparatus according to the in- 
vention, the means (not shown) for determining any difference 
between said run-off peak and said reference run-off peak, is 
adapted to measure any difference in peak width between these 
run-off peaks, a wider run-off peak ending after said refe- 

15 rence run-off peak, indicating an insertion mutation, while a 
wider run-off peak beginning before said reference run-off 
peak indicating a deletion mutation, the size of the peak 
width difference being directly proportional to the size of 
the mutation. 

20 

In a second embodiment of the apparatus according to the in- 
vention, the means (not shown) for determining any difference 
between said run-off peak and said reference run-off peak, is 
adapted tp measure any difference between the location of the 

25 centres of these run-off peaks, a location of the centre of 
said run-off peak in front of the centre of said reference 
run-off peak indicating a deletion mutation, a location of 
the centre of said run-off peak after the centre of said re- 
ference run-off peak indicating an insertion mutation, the 

3 0 size of said difference being directly proportional to the 
size of the mutation. 

The apparatus according to the invention is preferably imple- 
mented in computer software. 
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nucleic acid fragment, followed by a run-off peak produced by 
fluorescent full length fragment products of said nucleic 
acid fragment, characterized in that it comprises means for 
determining any difference between the run-off peak and a 
5 reference run-off peak generated by unmutated full length 

fragment products of said nucleic acid fragment, a difference 
indicating the existence of a deletion or insertion mutation. 



5. Apparatus according to claim 4, characterized in that said 
10 means for determining any difference between said run-off 

peak and said reference run-off peak, is adapted to measure 
any difference in peak width between these run-off peaks, a 
wider run-off peak ending after said reference run-off peak, 
indicating an insertion mutation, while a wider run-off peak 
15 beginning before said reference run-off peak indicating a 

deletion mutation, the size of the peak width difference be- 
ing directly proportional to the size of the mutation. 

6. Apparatus according to claim 4, characterized in that said 
means for determining any difference between said run-off 
peak and said reference run-off peak, is adapted to measure 
any difference between the location of the centres of these 
run-off peaks, a location of the centre of said run-off peak 
in front of the centre of said reference run-off peak indica- 
ting a .deletion mutation, a location of the centre of said 
run-off peak after the centre of said reference run-off peak 
indicating an insertion mutation, the size of said difference 
being directly proportional to the size of the mutation. 



20 



25 
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